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AB Levels of expression of two subunits of the liver branched- chain alpha - 
ketoacid dehydrogenase complex in response to 

extremes of dietary protein intake (50% versus 0% protein diet) were 
determined by quantitative immunob lot ting . Dietary protein deficiency 
decreased the amount of El alpha protein to a greater extent 
than E2 protein. The ratio of El alpha to E2 

was below 1 in the liver of animals starved for protein and above 1 in the 
liver of animals fed the high-protein diet. Supplementation of the 0% 
protein diet with 5% leucine (but not 5% valine) had the same effect as 
the 50% protein diet. The extremes of dietary protein also resulted in a 
divergent pattern of expression of the mRNAs for the subunits of the 
complex. The El beta message showed the expected corollary of 
being greater in the liver of the high-protein-fed rats than the 
no-protein-fed rats. In contrast, the E2 message was not 
affected by the two extremes of dietary protein and the El alpha 
message was greater in the liver of the no-protein- fed rats than the 
high-protein-fed rats. Thus, coordinate regulation of gene expression of 
the subunits of the complex does not occur in response to dietary protein. 
Post-transcriptional regulatory mechanisms most likely determine the 
amount of the complex and the ratio of its subunits. The decrease in 
El alpha/E2 protein ratio that occurs in dietary protein 
deficiency may increase sensitivity of the complex to phosphorylation - 
mediated inhibition by branched-chain alpha-ketoacid dehydrogenase kinase. 
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AB The branched-chain alpha-ketoacid dehydrogenase (BCKDH) complex is the 

rate-limiting enzyme in the catabolism of branched-chain amino acids. In 
the present study, we examined the effects of exercise training on the 
activity and enzyme expression of the hepatic BCKDH complex in diabetic 
rats. The rats were prepared by intravenous injections of streptozotocin 
(50 mg/kg BW) , and exercise training was accomplished by treadmill running 
for 45 min/d for 4 wk. The total and actual activities of hepatic BCKDH 
complex were significantly increased to apprxl60% by 4 wk of diabetes. On 
the other hand, diabetic rats in the trained group had the same level of 
activities as those in the normal rats, indicating that exercise training 
inhibited the diabetes -induced increase in the enzyme activities. The 
activity state (% active form) of the enzyme complex was about 100% in all 
groups and was not affected by diabetes or training. The protein amounts 
of the enzyme subunits (Elalpha and E2) and the 
abundance of mRNA for the E2 subunit, but not for "the other 
subunits, in the liver had the same trend as the activities. These results 
suggest that the capacity for branched-chain amino acid catabolism in 
streptozotocin-induced diabetic rats is reduced by exercise training and 



that this modification is associated with the suppression of 
diabetes -induced BCKDH complex expression in the liver. 
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AB Untreated maple syrup urine disease (MSUD) results in mental and physical 
disabilities and often leads to neonatal death. Newborn- screening 
programs, coupled with the use of protein-modified diets, have minimized 
the severity of this phenotype and allowed affected individuals to develop 
into productive adults. Although inheritance of MSUD adheres to rules for 
single-gene traits, mutations in the genes for Elalpha, 
Elbeta, or E2 of the mitochondrial branched-chain alpha - 
ketoacid dehydrogenase complex can cause the 

disease. Randomly selected cell lines from 63 individuals with clinically 

diagnosed MSUD were tested by retroviral complementation of branched-chain 

alpha-ketoacid dehydrogenase activity to identify the gene locus for 

mutant alleles. The frequencies of the mutations were 33% for the 

Elalpha gene, 38% for the Elbeta gene, and 19% for the 

E2 gene. Ten percent of the tested cell lines gave ambiguous 

results by showing no complementation or restoration of activity with two 

gene products. These results provide a means to establish a 

genotype/phenotype relationship in MSUD, with the ultimate goal of 

unraveling the complexity of this single-gene trait. This represents the 

largest study to date providing information on the genotype for MSUD. 
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AB A family of alpha -ketoacid dehydrogenase 

complex includes alpha -ketoglutarate dehydrogenase (alpha -KGDC) , 
pyruvate dehydrogenase and branched chain alpha -ketoacid 
dehydrogenase complexes . These three complexes are 
composed of three different component enzymes, alpha -ketoacid 
decarboxylase (El) , dihydrolipoamide acyltransf erase (E2 

) and dihydrolipoamide dehydrogenase (E3) . We isolated and sequenced cDNA 
clones for the dihydrolipoamide succinyltransf erase (E2 of alpha 
-KGDC, designated as DLST) components of the rat and human alpha -KGDCs . 
The primary structures of the rat and human DLSTs showed close similarity 
to those of E. coli and A. vinelandii DLSTs. However, the rat and human 
DLSTs did not contain a sequence motif that had been found as an E3 and/or 
El binding domain in the E2 components of three alpha - 
ketoacid dehydrogenase complexes, suggesting 

the lack of the E3 and/or El binding domain in the rat and human 
DLSTs. The result of phylogenetic tree of the E2 components of 
three complexes demonstrated that the lack of the domain in rat and human 
DLSTs might occur after the mitochondrial symbiosis. Next, we isolated 
genomic DNA and processed pseudogene of human DLST and determined their 
entire nucleotide sequences. In situ hybridization analysis demonstrated 
that the human DLST gene is located on chromosome 14 at q24.2-q24.3 and 
the pseudogene is located on chromosome 1 at p31. The results of CAT and 
gel shift assays showed that another protein rather than Spl plays a 
significant role with Ap2 in the transcription - regulation of DLST gene. 
In addition, we detected polymorphisms in the human DLST gene and found an 
association of a genotype (ac/ac type) of DLST gene with Alzheimer's 
disease. Furthermore, we have observed that in the skeletal muscle the 
DLST is also localized on the plasma membrane and sarcoplasmic reticulum 
and that the molecule (25 kDa) is smaller than mitochondrial DLST (48 
kDa) . 
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AB Regulation of the mammalian branched-chain alpha-ketoacid 
dehydrogenase complex (BCKAD) occurs under a variety of 
stressful conditions associated with changes in circulating 
glucocorticoids. Multiple levels of regulation in hepatocytes, including 
alteration of the levels of the structural subunits available for assembly 
(El, alpha-ketoacid decarboxylase; E2, 

dihydrolipoamide acyltransf erase; and E3 , dihydrolipoamide dehydrogenase), 



as well as BCKAD kinase, which serves to phosphorylate the Elalpha 

subunit and inactivate complex activity, have been proposed. The direct 

role of glucocorticoids in regulating the expression of the murine gene 

encoding the major BCKAD subunit E2 , upon which the other BCKAD 

subunits assemble, was therefore examined. Deletion analysis of the 5* 

proximal 7.0 kb of the murine E2 promoter sequence, using 

E2 promoter/lucif erase expression minigene plasmids introduced 

into the hepatic H4IIEC3 cell line, suggested a promoter proximal region 

responsive to glucocorticoid regulation. Linker- scanning mutagenesis 

combined with deletion analysis established this functional 

glucocorticoid-responsive unit (GRU) to be located near the murine 

E2 proximal promoter site at -140 to -70 bp upstream from the 

transcription initiation site. The presence of this region in plasmid 

minigenes, containing varying amounts of the murine genomic sequence 5' 

upstream from proximal E2 promoter sequences, conferred 2-10 

fold increases in lucif erase reporter gene expression in H4IIEC3 cells, 

whether introduced by transient transfection or following co-selection for 

stable transfectants . The GRU region itself appeared to contain multiple 

interacting elements that combine to regulate overall E2 

promoter activity in response to changing physiological conditions 

associated with varying concentrations of glucocorticoids and likely other 

hormonal effectors. 
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AB Maple syrup urine disease (MSUD) was first described in 1954 by Menkes et 
al. as a progressive neurologic degenerative disorder. In I960, Dancis et 
al. established that the metabolic block in MSUD is at the decarboxylation 
of branched-chain alpha-ketoacids derived from leucine, isoleucine, and 
valine. The multienzyme complex affected in MSUD, the mitochondrial 
branched-chain alpha-ketoacid (BCKD) dehydrogenase complex was purified in 
1978 to homogeneity in Reed's laboratory. This led to the later cloning of 
cDNAs and genes for subunits of the human BCKD complex. Genetic 
heterogeneity in MSUD is now explained by the various mutations that occur 
in the Elalpha, Elbeta, E2 , and E3 loci of 

the BCKD complex. Recently, we found that bacterial chaperonins GroEL and 

GroES promote folding and assembly of El decarboxylase component 

of the BCKD complex in Escherichia coli. Pulse-chase labeling in this 

system showed that a subset of Elalpha mutations, notably the 

homozygous Y3 93N-alpha in Mennonite MSUD patients, impedes the assembly of 

the mutant Elalpha subunit with normal Elbeta. The 

assembly defect is associated with a rapid degradation of the normal 

Elbeta subunit in MSUD cells. Retrovirus -mediated transduction of 

lymphoblasts from a Mennonite MSUD patient with a normal Elalpha 

cDNA resulted in a complete restoration of BCKD activity. This was 

accompanied by a stabilization of the normal Elbeta subunit 

through assembly with recombinant Elalpha. The results 

demonstrated the feasibility of stable correction of Elalpha 

-deficient (type IA) MSUD and provided a basis for the development of gene 

therapy. 
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AB Regulation of the branched chain alpha-ketoacid 

dehydrogenase complex, the rate -limiting enzyme of 

branched chain amino acid catabolism, involves phosphorylation of 2 amino 
acid residues (site 1, serine 293; site 2, serine 303). To directly assess 
the roles played by these sites, site-directed mutagenesis was used to 
convert these serines to glutamates and/or alanines. Functional El 
heterotetramers were expressed in Escherichia coli carrying genes for 
El -alpha and El-beta under control of separate T7 

promoters in a dicistronic vector. Mutation of phosphorylation site 1 

serine to glutamate inactivated El activity, i.e., mimicked the 

effect of phosphorylation of site 1. Replacement of the site 1 serine with 



alanine greatly increased K-m for the alpha-ketoacid substrate but had no 
effect on maximum velocity. The site 1 serine to alanine mutant was 
phosphorylated at site 2, but phosphorylation had no effect upon enzyme 
activity. Mutation of site 2 serine to either glutamate or alanine also 
had no effect upon enzyme activity, but phosphorylation of these proteins 
at site 1 inhibited enzyme activity. El mutated to change both 
phosphorylation site serines to glutamates was without enzyme activity. 
The binding affinity of El to the E2 core was not 
affected by mutation of the phosphorylation sites to glutamates, 
suggesting no gross perturbation of the association of El with 
the E2 core. The results provide direct evidence that a negative 
charge at phosphorylation site 1 is responsible for kinase -mediated 
inactivation of El. Site 2 is silent with respect to regulation 
of activity by phosphorylation. 
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AB The response of the murine genes encoding the subunits of branched-chain 
alpha-ketoacid dehydrogenase complex (BCKAD) 

to changes in dietary protein was determined. Steady-state RNA levels for 
two of the subunits, El-beta and E2, decreased by two- 

to fourfold in the livers of mice fed 0% protein isocaloric diets compared 
to the levels observed in mice fed standard (23 %) or high (50 %) protein 
isocaloric diets. In contrast, the levels of RNA encoding the El 
-alpha subunit did not change significantly in response to these dietary 
protein changes. The hepatic decreases in El-beta and E2 
RNA associated with 0% protein isocaloric diets were reversible, with 
prompt return to baseline levels following 48 hours of 50% protein 
isocaloric diets ad libitum. In kidney, no significant changes in the RNAs 
encoding any of the three BCKAD subunits were observed in response to 
changes in dietary protein. Studies of RNA variations associated with 
growth and development in several murine tissues, including liver and 
kidney, demonstrated coordinated changes between all subunits. Similar 
coordinated changes were observed during 3T3-L1 adipocyte differentiation. 
These studies suggest that the responses of the BCKAD subunit genes to 
alterations in dietary protein are noncoordinated and tissue-specific, in 
contrast to the coordinated changes observed during growth and/or 
differentiation. The differences in BCKAD subunit RNA levels observed 
under varying nutritional and developmental conditions suggest that 
multiple regulatory mechanisms modulate BCKAD subunit expression. 
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AB Anti-M2 antibodies in primary biliary cirrhosis (PBC) have been shown to 
react with the alpha-ketoacid dehydrogenase 

complex of the inner mitochondrial membrane consisting of six 
epitopes (E2 subunit of the pyruvate dehydrogenase complex 
(PDC) , 70 kD: protein X of the PDC, 56 kD; alpha-ketoglutarate 
dehydrogenase complex, 52 kD; branched-chain alpha-ketoacid dehydrogenase, 
52 kD; El alpha subunit of PDC, 45 kD; and El 

beta-subunit of PDC, 3 6 kD) . These epitopes are also present in the M2 
fraction which is a chloroform extract from beef heart mitochondria. The 
E2 subunit of the PDC at 70 kD (M2a) , especially, is a major 
target epitope which is recognized by about 85% of all PBC sera. However, 
analysing sera from 28 patients with active pulmonary tuberculosis it 
became evident that 12 (43%) also recognized the PDC-E2 subunit 
(M2a) , as shown by Western blotting using the M2 fraction, the purified 
PDC, and the recombinant PDC-E2. In contrast, only two of 82 
patients with other bacterial and viral infections including 25 patients 
with Escherichia coli infections reacted with the PBC-specific epitope at 
70 kD. Naturally occurring mitochondrial antibodies (NOMA) were present in 
54% of the patients with tuberculosis and in 50% of patients with other 
infectious disorders. They recognized either a determinant at 65 kD 
(epsilon) or at 60/55 kD (zeta/eta) . None of the sera from 100 blood 
donors had anti-M2 but 14 had NOMA. Testing anti-M2 and NOMA-positive 
marker sera by Western blotting against membrane fractions derived from 



mycobacteria and E. coli it could be shown that sbd like mammalian 
mitochondria sbd they contain both the PBC-specific M2 antigen as well as 
the non-PBC-specif ic naturally occurring mitochondrial antigen system 
(NOMAg) . The observation that PBC-specific antibodies were preferentially 
induced in patients suffering from a mycobacterial infection may provide 
some new clues to the still unknown etiology of PBC. 
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AB We have expressed an active recombinant El decarboxylase 

component of the mammalian branched-chain . alpha . -ketoacid 
dehydrogenase complex in Escherichia coli by subcloning 
mature El. alpha, and El. beta, subunit cDNA sequences 

into a bacterial expression vector. To permit affinity purification under 
native conditions, the mature El. alpha, subunit was fused with 
affinity ligand E. coli maltose -binding protein (MBP) through an 
endoprotease Factor Xa-specific linker peptide. When coexpressed, the MBP- 
El. alpha, fusion and El. beta, subunits were shown to 
co-purify as a MBP-E1 component that exhibited both El 
activity and binding competence for recombinant branched-chain E2 
component. In contrast, in vitro mixing of individually expressed MBP- 
El. alpha, and El. beta, did not result in assembly or 
produce El activity. Following proteolytic removal of the 
affinity ligand and linker peptide with Factor Xa, a recombinant 
El species was eluted from a Sephacryl S-300HR sizing column as an 
enymatically active 160-kDa species. The latter showed 1:1 subunit 
stoichiometry, which was consistent with a . alpha . 2 . beta . 2 structure. The 
recovery of this 160-kDa recombiinant El species (estimated at 
0.07% of total lysate protein) was low, with the majority of the 
recombinant protein lost as insoluble aggregates. Our findings suggest 
that the concurrent expression of both El. alpha, and El 

.beta, subunits in the same cellular compartment is important for assembly 
of both subunits into a functional El . alpha . 2 . beta . 2 

heterotetramer . By using this Co-expression system, we also find that the 
El. alpha, missense mutation (Tyr-393 .fwdarw. Asn) characterized 
in Mennonites with maple syrup urine disease prevents the assembly of 
soluble El heterotetramers . 
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AB Maple syrup urine disease (MSUD) is an autosomal recessive inherited 

disease due to a deficiency of any of the subunits, El. alpha., 

El. beta., or E2, of the branched-chain . alpha. - 

ketoacid dehydrogenase complex (BCKDH) . A 

large Mennonite kindred of MSUD has been studied in Pennsylvania, USA. In 
the present investigation, genomes from 70 members, including 12 patients 
belonging to eight different Mennonite MSUD pedigrees, were examined for 
possible abnormalities in the El. alpha, gene of BCKDH, by 
primer-specified restriction map modification. A T- to -A substitution 
which generates an asparagine in place of a -tyrosine at amino acid 394 of 
the mature El. alpha, subunit was present in both alleles in all 
the patients and in a single allel in all obligate carriers and several 
siblings. We describe a new technique for rapid for an easy detection of 
the mutant gene in this population. These family studies provide 
additional evidence that Mennonite MSUD is caused by a missense mutation 
of the El. alpha, gene of BCKDH . 
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AB A complementary DNA (cDNA) clone of dihydrolipoamide acetyltransf erase ( 
E2) of the rat pyruvate dehydrogenase complex (PDC) was isolated 
from a . lambda. gtll rat heart cDNA library. The amino acid sequence of a 
full mature protein of rat PDC-E2 was predicted by combination 
of the cDNA nucleotide sequence and the N- terminal amino acid sequence 
determined chemically. The amino acid sequence of rat PDC-E2 was 
well consistent with those of the E2 components of other 
. alpha . -ketoacid dehydrogenase complexes . 



These E2 components possess the sequence G-X-G-X-X-G, which is 

the consensus sequence for nucleotide binding sites of nucleotide binding 

proteins, in the E3 and/or El binding domains. The E2 

components of the three . alpha . -ketoacid dehydrogenase 

complexes are suggested to be classified into three clusters 

separated during evolution. 
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AB Antibodies against the Elb and E2b components of 

bovine branched- chain . alpha . -ketoacid (BCKA) dehydrogenase (BCKAD) 
complex completely inhibited BCKA oxidation in mammalian and avian 
mitochondria. BCKA oxidation by salmonid mitochondria was less affected 
and the enzyme from Pseudomonas putida was unaffected. In rodents, anti- 
Elb E2b IgG inhibited oxidation of all three BCKA in a 
similar dose -dependent manner; oxidation of . alpha . -ketobutyrate and 
.alpha. -keto- .gamma. -methiolbutyrate was also partially inhibited. Except 
for the salmonid BCKAD, a similar Mr for the E2b and Elb 
.alpha, proteins was observed in these species. After digestion with V-8 
protease similar immunoreactive peptides were observed for the human and 
rodent complex. 
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AB The native architectures of the pyruvate and 2 -oxoglutarate dehydrogenase 
complexes have been investigated cryoelectron microscopy of unstained, 
f rozen-hydrated specimens. In pyruvate dehydrogenase complex and 
2 -oxoglutarate complex the transacylase (E2) components exist as 
24-subunit, cube-shaped assemblies that form the structural cores of the 
complexes. Multiple copies (12-24) of the . alpha . -ketoacid dehydrogenase ( 
El) and dihydrolipoyl dehydrogenase (E3) components bind to the 
surface of the cores. Images of the f rozen-hydrated enzyme complexes do 
not appear consistent with a symmetric arrangement of the El and 
E3 subunits about the octahedrally symmetric E2 core. Often the 
El or E3 subunits appear separated from the surface of the 
E2 core by 3-5 nm, and sometimes thin bridges of density appear in 
the gap between the E2 core and the bound subunits; studies of 
subcomplexes consisting of the E2 core from 2 -oxoglutarate 
dehydrogenase complex and El or E3 show that both El 
and E3 are bound in this manner. Images of the E2 cores isolated 
from pyruvate dehydrogenase complex appear surrounded by a faint fuzz that 
extends .apprx. 10 nm from the surface of the core and likely corresponds 
to the lipoyl domains of the E2 . 
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AB Sera from patients with primary biliary cirrhosis contain autoantibodies 
that recognize mitochondrial proteins. Five of the target autoantigens 
have now been identified as enzymes of three related multienzyme 
complexes: the pyruvate dehydrogenase complex, the branched chain . alpha. - 
ketoacid dehydrogenase complex and the 

.alpha. -ketoglutarate dehydrogenase complex. Each complex consists of 

component enzymes designated El, E2 and E3 . In this 

report, we confirm that primary biliary cirrhosis sera react with 

dihydrolipoamide succinyltransf erase , the E2 component of 

.alpha. -ketoglutarate dehydrogenase complex. Seventy-three of 188 (39%) 

primary biliary cirrhosis sera reacted with . alpha . -ketoglutarate 

dehydrogenase complex-E2 when immunoblotted against purified 

.alpha. -ketoglutarate dehydrogenase complex; one of these sera also 

reacted with the El component. In addition, primary biliary 

cirrhosis sera possessing . alpha . -ketoglutarate dehydrogenase complex - 

E2 reactivity specifically inhibited enzyme function of 

.alpha. -ketoglutarate dehydrogenase complex. Enzyme activity was not 

affected by primary biliary cirrhosis sera that contained autoantibodies 

to pyruvate dehydrogenase complex-E2 and/or branched chain 



.alpha. -ketoacid dehydrogenase comples-E2 / which lacked 

.alpha. -ketoglutarate dehydrogenase complex-E2 reactivity. 

Furthermore, affinity-purified primary biliary cirrhosis sera against 

.alpha. -ketoglutarate dehydrogenase complex-E2 inhibited only 

.alpha. -ketoglutarate dehydrogenase complex activity but did not alter 

enzyme activity of either pyruvate dehydrogenase complex or branched chain 

.alpha. -ketoacid dehydrogenase complex. 

Finally, . alpha . -ketoglutarate dehydrogenase complex-E2 specific 
affinity-purified antisera did not react on immunoblot with any component 
enzymes of pyruvate dehydrogenase complex or branched chain . alpha. - 
ketoacid dehydrogenase complex. These data 

demonstrate that the E2 component of . alpha . -ketoglutarate 
dehydrogenase complex is recognized by a distinct population of 
autoantibodies separate from autoantibodies that recognize pyruvate 
dehydrogenase complex-E2 or branched chain .alpha. - 
ketoacid dehydrogenase complex-E2 . 

Our data further suggest that these autoantibodies are directed toward a 
fnctional domain of this enzyme. 
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AB A new method using hydrophobic interaction chromatography on 

phenyl -Sepharose was developed to purify branched chain .alpha. - 

ketoacid dehydrogenase complex from 

commercially available frozen rat liver. Yields of greater than 50% were 
routinely achieved. The purified enzyme, composed of El. alpha., 
El. beta., and E2 subunits, appeared homogeneous on 

sodium dodecyl sulf ate-polyacrylamide gel electrophoresis and contained 
endogenous kinase activity for phosphorylation and inactivation of the 
complex. 
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AB Limited proteolysis has been used to probe the subunit structure (Mr = 
52,000) of the dihydrolipoyl transacylase (E2) component of the 
branched-chain .alpha. -keto acid dehydrogenase complex from bovine liver. 
Digestion of the complex at 0. degree. C with a low concentration of 
trypsin produces an inner E2 core that retains the activity for 
the transacylation reaction and is completely dissociated from the 
decarboxylase (El) component. The trypsinized E2 

maintains the highly assembled structure and migrates faster than the 

native E2 in the Sepharose 4B column. Sodium dodecyl 

sulf ate-polyacrylamide gel electrophoresis shows that the inner E2 

core consists of two lipoate-free tryptic fragments, i.e. fragment A and 

fragment B with Mr = 26,000 and 22,000, respectively. Both fragments 

apparently fail to bind the El component. Fragment A is 

converted into fragment B by increasing trypsin concentrations. Fragment B 
is a stable limit polypeptide containing the intersubunit -binding sites 
for E2 . The assemblage of fragment B confers the cubelike 
appearance of the inner E2 core in electron micrographs. 
Activity measurements indicate that the larger fragment A, but not 
fragment B, possesses transacylation activity. It is likely that a 
critical portion of the active site is present in the 4,000-dalton 
fragment that is lost during the conversion of fragment A to B . 
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AB The present invention relates to DNA sequences that encode the 
branched-chain alpha-ketoacid dehydrogenase 

complex of an organism belonging to the genus Streptomyces and to 
polypeptides produced by the expression of such sequences. It also 
relates to methods of enhancing the prodn. of natural avermectin and of 
producing avermectin through fermn. . The bkd genes for A. avermitilis 
El. alpha., El. beta., and E2 subunits were 



cloned, sequenced, and expressed in E. coli. 
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AB Levels of expression of two subunits of the liver branched-chain .alpha. - 
ketoacid dehydrogenase complex in response to 

extremes of dietary protein intake (50% vs. 0% protein diet) were detd. by 
quant, immunoblotting . Dietary protein deficiency decreased the amt. of 
El. alpha, protein to a greater extent than E2 protein. 
The ratio of El. alpha, to E2 was below 1 in the liver 

of animals starved for protein and above 1 in the liver of animals fed the 
high-protein diet. Supplementation of the 0% protein diet with 5% leucine 
(but not 5% valine) had the same effect as the 50% protein diet. The 
extremes of dietary protein also resulted in a divergent pattern of 
expression of the mRNAs for the subunits of the complex. The El 
.beta, message showed the expected corollary of being greater in the liver 
of the high-protein- fed rats than the no-protein- fed rats. In contrast, 
the E2 message was not affected by the two extremes of dietary 
protein and the El. alpha, message was greater in the liver of 
the no-protein-fed rats than the high-protein-fed rats. Thus, coordinate 
regulation of gene expression of the subunits of the complex does not 
occur in response to dietary protein. Posttranscriptional regulatory 
mechanisms most likely det. the amt. of the complex and the ratio of its 
subunits. The decrease in El. alpha. /E2 protein ratio 

that occurs in dietary protein deficiency may increase sensitivity of the 
complex to phosphorylation-mediated inhibition by branched-chain 
.alpha. -ketoacid dehydrogenase kinase. 
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AB Ten independent lipoamide dehydrogenase mutants (lpd) of .EPSILON. . coli 
were isolated by selecting strains which required supplements of acetate 
plus succinate for best growth on glucose. They did not grow on 
unsupplemented medium (except anaerobically) nor did they grow with single 
supplements of acetate or lipoate, but they responded slowly to lysine 
plus* methionine or succinate. Bacteria-free exts . of the mutants had 
1-10% of parental lipoamide dehydrogenase activity and no activity for the 
pyruvate and .varies . -ketoglutarate dehydrogenase complexes was detected. 
Evidence that the mutants contained the dehydrogenase (El) and 
transacylase (E2) components of the complexes and were deficient 
only in the lipoamide dehydrogenase (E3) components was obtained from 
studies with mixts . contg. lpd mutant exts. and either exts. of other 
mutants having defined lesions or purified lipoamide dehydrogenase, e.g., 
overall pyruvate dehydrogenase complex was reconstituted with exts. of 
ace. EPSILON. and F mutants and the .varies . -ketoglutarate complex was 
similarly reconstituted with sue. ALPHA, and .BETA. exts. Furthermore, 
both complexes were restored by adding ext. of an ace . EPSILON. , sue 
.ALPHA, double -amber mutants (which lacks both types of El and 
E2 component but has 3 0% of parental lipoamide dehydrogenase 
activity) or with purified bacterial and mammalian lipoamide 
dehydrogenases. The bacterial enzymes were several times more efficient 
than the mammalian enzyme for restoring pyruvate dehydrogenase complex 
activity. Genetic studies indicated that the wild- type phenotype was 
restored by single reversion or transduction events and confirmed that the 
mutants were deficient only in lipoamide dehydrogenase. The mutant 
phenotype was introduced into a recipient stain by cotransduction with 
leu+. This indicates that there is a lipoamide dehydrogenase gene in the 
leu region of the .EPSILON.. coli linkage map and strongly supports the 
view that the E3 components of both .varies . -ketoacid 
dehydrogenase complexes are specified by a single 
lipoamide dehydrogenase gene (lpd) . 
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AB Regulation of the branched chain alpha-ketoacid 

dehydrogenase complex, the rate- limiting enzyme of 

branched chain amino acid catabolism, involves phosphorylation of 2 amino 
acid residues (site 1, serine 293; site 2, serine 303). To directly assess 
the roles played by these sites, site-directed mutagenesis was used to 
convert these serines to glutamates and/or alanines. Functional El 
heterotetramers were expressed in Escherichia coli carrying genes for 
El-alpha and El-beta under control of separate T7 

promoters in a dicistronic vector. Mutation of phosphorylation site 1 
serine to glutamate inactivated El activity, i.e., mimicked the 
effect of phosphorylation of site 1. Replacement of the site 1 serine with 
alanine greatly increased K-m for the alpha-ketoacid substrate but had no 
effect on maximum velocity. The site 1 serine to alanine mutant was 
phosphorylated at site 2, but phosphorylation had no effect upon enzyme 
activity. Mutation of site 2 serine to either glutamate or alanine also 
had no effect upon enzyme activity, but phosphorylation of these proteins 
at site 1 inhibited enzyme activity. El mutated to change both 
phosphorylation site serines to glutamates was without enzyme activity. 
The binding affinity of El to the E2 core was not 
affected by mutation of the phosphorylation sites to glutamates, 
suggesting no gross perturbation of the association of El with 
the E2 core. The results provide direct evidence that a negative 
charge at phosphorylation site 1 is responsible for kinase-mediated 
inactivation of El. Site 2 is silent with respect to regulation 
of activity by phosphorylation. 
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activity. Mutation of site 2 serine to either glutamate or alanine also 
had no effect upon enzyme activity, but phosphorylation of these proteins 
at site 1 inhibited enzyme activity. El mutated to change both 
phosphorylation site serines to glutamates was without enzyme activity. 
The binding affinity of El to the E2 core was not 
affected by mutation of the phosphorylation sites to glutamates, 
suggesting no gross perturbation of the association of El with 
the E2 core. The results provide direct evidence that a negative 
charge at phosphorylation site 1 is responsible for kinase-mediated 
inactivation of El. Site 2 is silent with respect to regulation 
of activity by phosphorylation. 
AB Regulation of the branched chain alpha-ketoacid 

dehydrogenase complex, the rate-limiting enzyme of 

branched chain amino acid catabolism, involves phosphorylation of 2 amino 
acid residues (site 1, serine 293; site 2, serine 303). To directly assess 
the roles played by these sites, site-directed mutagenesis was used to 



convert these serines to glutamates and/or alanines. Functional El 
heterotetramers were expressed in Escherichia coli carrying genes for 
El-alpha and El-beta under control of separate T7 

promoters in a dicistronic vector. Mutation of phosphorylation site 1 
serine to glutamate inactivated El activity, i.e., mimicked the 
effect of phosphorylation of site 1. Replacement of the site 1 serine with 
alanine greatly increased K-m for the alpha-ketoacid substrate but had no 
effect on maximum velocity. The site 1 serine to alanine mutant was 
phosphorylated at site 2, but phosphorylation had no effect upon enzyme 
activity. Mutation of site 2 serine to either glutamate or alanine also 
had no effect upon enzyme activity, but phosphorylation of these proteins 
at site 1 inhibited enzyme activity. El mutated to change both 
phosphorylation site serines to glutamates was without enzyme activity. 
The binding affinity of El to the E2 core was not 
affected by mutation of the phosphorylation sites to glutamates, 
suggesting no gross perturbation of the association of El with 
the E2 core. The results provide direct evidence that a negative 
charge at phosphorylation site 1 is responsible for kinase-mediated 
inactivation of El. Site 2 is silent with respect to regulation 
of activity by phosphorylation. 
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Antibodies against the Elb and E2b components of 

bovine branched-chain . alpha . -ketoacid (BCKA) dehydrogenase (BCKAD) 
complex completely inhibited BCKA oxidation in mammalian and avian 
mitochondria. BCKA oxidation by salmonid mitochondria was less affected 
and the enzyme from Pseudomonas putida was unaffected. In rodents, anti- 
Elb E2b IgG inhibited oxidation of all three BCKA in a 
similar dose -dependent manner; oxidation of . alpha . -ketobutyrate and 
.alpha. -keto-. gamma. -methiolbutyrate was also partially inhibited. Except 
for the salmonid BCKAD, a similar Mr for the E2b and Elb 

.alpha, proteins was observed in these species. After digestion with V-8 
protease similar immunoreactive peptides were observed for the human and 
rodent complex. 
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The present invention relates to DNA sequences that encode the 
branched-chain alpha-ketoacid dehydrogenase 

complex of an organism belonging to the genus Streptomyces and to 
polypeptides produced by the expression of such sequences. It also 



relates to methods of enhancing the prodn. of natural avermectin and of 
producing avermectin through fermn. . The bkd genes for A. avermitilis 
El. alpha., El. beta., and E2 subunits were 
cloned, sequenced, and expressed in E. coli. 
AB The present invention relates to DNA sequences that encode the 
branched- chain alpha -ketoacid dehydrogenase 

complex of an organism belonging to the genus Streptomyces and to 
polypeptides produced by the expression of such sequences. It also 
relates to methods of enhancing the prodn. of natural avermectin and of 
producing avermectin through fermn. . The bkd genes for A. avermitilis 
El. alpha., El. beta., and E2 subunits were 
cloned, sequenced, and expressed in E. coli. 
AB The present invention relates to DNA sequences that encode the 
branched- chain alpha-ketoacid dehydrogenase 

complex of an organism belonging to the genus Streptomyces and to 
polypeptides produced by the expression of such sequences. It also 
relates to methods of enhancing the prodn. of natural avermectin and of 
producing avermectin through fermn. . The bkd genes for A. avermitilis 
El. alpha., El. beta., and E2 subunits were 
cloned, sequenced, and expressed in E. coli. 



